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Afparatds And Method For Controlung FlEEaD-FoRWARD AiiiiFLiifiEKs 

OF THE INVENTION 

lliepte&entinveatiQnxeilatKCDainplifiOT^ MorespecificaUy^ttiepxeseDtixKveDtioa 
lelates to an apparatas and mediod for coaitrollisg gain and plias6 adSostmeats In a fieed-f atward 
amplifier. 

BACKGROUND OF THE INVENTION 

One weD-kttowa form of amplifla is die feed-forwaid anapUfier. Id order to acUeve 
lineariiy in a feed-forward aiBpli£ter« caP^J control ot the amplifier circmtry is tpqiigBd. In 
particular, in feied'-forwaidaiiq}l]fie^ gain and phase acgustexs are often ecqployed 

and the laps of each of these adjusters aie cais&illy steeied to achieve lineaxity tfarougli the 
amplifi^. 

Wlttiin the art of Heed-fiorwacd amplifi!^ it is known to use detactor-contcoller circuits, 
onefareacixgain-and-pliaseacyuster. Each detector-contiolier circuit is op^able Co steer the 
taps of its respective gain-and-phs^ ai^ostBr in the feed-forward anq>Iifier so that the main 
amplifier and conecdonal amplifier can prqpedy cooperate in order to reduce error introduced 
by the main ampUfiex* 

Detector-cQntroIler circidcs used in feed-forward amplifiers use a number of differ^t 
techniques to control fbe phase and gain adjustments in signal and intermodulation cancelladon 
loops. Typically, the signal cancellation loop is nulled by measuiing the total power at the 
canGQllatlQn node and adaptively minunizing it Hiis makes sense because the undistorted input 
^gnal is being removed (cancelled) firosn the composite signal, Ihe total power will be 
m i n i mig i e d when tfads cancellation is a marimum. The intermodulation cancellation loop can be 
nulled using a number of techniques bcluding pilot tones, intermodulation detectors, vectx»: 
dgnal analyms, and many others. 

A first order or cexLtbook analysis of a feed-forward amplifier would suggest that only 
undesired distortion products should be amplified by the correction amplifier, hi pracdce, this 
turns out to be neither possible nor desirable. There will always be some residue of the original 
untfistorted signd in the correction amplifier signal. This is because (1) signal cancellation at 



file sumzQin g node is not pofect, and (2) the main ampltfi*^ in the signal cancellation loop win 
chaiucltitistically be ddvm into non-linearity on signal peaks^ resnlting id loop tfnKfll gnffff. 
Feifect cancellation conld only be achieved in a perfectly linear systiem. 

Conventional wisdom has been that tiie signal cancelladcTa loop should be adjm ted to 
yidd Oie best oveKEdlGancellatioa possible, given dte^^ynaoite Again, 
Ifais is charactedstically done by mtninuzing the to tal power at the sunuuing nod^ alOioii^ it 
may be done by other teciudqoes such as pilot tone nuIUng. 

The cQtiection anqslxfier is typi^lly a rather large amplifier that is sized to be able to 
handle die peak power demands placed upon it by the correction signal . Herein lies one of die 
oft-m^itioned disadvantages of feed-forwani amplifiers versus other approaches; the wasted 
power and cost of the coxiecdon anqilifier. 

Most well--de5igned feed-fonvard amplifies use gain and phase adjustments in series and 
in front of the main ampliSsr in die signal cancelation loop. The most important reason for 
doing dus is to maintain constant gain of the feed-forward amplifier in the face of drift in die 
main amplifLer caused by £actors such as tempexatore variation and component a^ng. Because 
the loss in the delayed path in the signal cancellation loop can generally be counted iq)on not to 
vaty with ten:q>erature, placing the gain ad|ustm^in series widi the anq>li£[er, and maintaining 
constant signal canoellatian, will resiilt in constant gain. This is very usefiil from a systems 
point of view, although it is not. siricdy speaking, necessary. 

SUMMARY OF THE INVENTION 

Etesent invmtion recognizes that maximal cancellation in the signal cancellation loop is 
not g^erally desirable. An appatatns and method is disclosed to oprirnally iniKaignc^ fha at gnai 
cancellation loop so as to xnqitafve peif onnance by using the correction amplifier to provide 
somoincTCTiental power to die ou^yutof the&ed-ferward ao^lifier. 

With gain and phase adjusters placed in series with the main amplifier, the inventor 1ms 
£Dund that it is possible to increase Oie overall ouQ>ue power of a feed-f orward amplifier by 
imbalancing the signal cancellation loop. Doing so will, of course, vary the main amplifier's 
output power and levd of Intmnodulation generation* The question now is, how to imbalance 
the signal«canoellation loop to provide the ppthnum combination of signal and distortion 
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products to the conectioQ azoplifier while providing best ov^all p^fonnance of &0 feed- 
forward amplifier. At first it would appear that the gain and phase adjii^^ 
could jmt be adtJosted to yidd best perftstmaiice (Tmnhnnm inlermodulation). Bbwever, the 
inventor has foond flxat the sigaal canceHatioQ loop diould first be nulled usii^g a conventional 
technique (miniTnizin g total power at the sonmiing node). There are nvo reasons for this. First, 
given no other factors, the intermodnlation of the main atnplififix will be zniDiniized whm the 
ouqim is minimized. llierrfote,ftomacoMstart, fliegainadjustmemof thesiga^ 
loop will be driven to minimum just to minimize intgrmodulation, which is not a very useful 
result Second, there needs to be a mrnhrnm level of canceUatioa so that the signal piesented to 
ihe conection amplifier does not ovecwhehn it and drive it into saturation. 

The solution is sniprish^y straight-forwardL Pks^ die signal caaceQation loop should be 
balanced by minimizing total power at the sunoming node. Second, the inteimodulation 
conceDadon loop should be balanced using an infietmoduladon detectxxr or oSier conventional 
means fbr balancing the intemiodulation cancellatioii loc^. Third, a transition should be made to 
balancing the signal cancellation loop using die intetmodulation detector. Note rttg^ Oiea four 
adjustments (gain and phase in both loops) are being made based upon one measurement 
(intennoduladon at the output of the faed-forward amplifier). ThQ gain ad^'ustment in the rignal 
cancellation loop will no loiter be driven to zero to minimize the intermodulation coming ftom 
die main amplifier, because in doing so, the signal to the correction amplifier would be greatly 
increased, resulting in greater overall int&nnodidation fiom the feed-forward amplifi^. 
Caiaracteiistically, the drive to the main amplifi^ will be reduced very slightly, yieldmg a 
CQoqxment Oif die desired signal at the mput of the canection amplifier, which, when amplified 
win add in phase to die signal ftom the main amplifier. A fine balancing act is dien played out, 
wifli the main and conecdon amplifiers diivra at opdmum levels to yield mairiintin^ desired 
signal and minimum iatetmodulation at the ou^iut of die feed-forward amplifier. Some sli^ 
variadon hi gam of die f eed-f orwaid anipUfier will result ftom diis balancins act but it is 
negligible from a systems point of view. 

BRIEF DESCRIPnON OF THE DRAWINGS 

A prefmcd embodnaent of the present invention will now be desciOied, by way of 
example only, withrrfBiencc to the attached Hguxe, wherein: 



Tigute 1 is a block diagramed a feedrfomard amplifier in accm 
cmbodinieat of die present inveotiaiL 

DETAILED DESCSIPnON OF THE INVENTION 

Rfifemng now to Figure 1, a fl^d-foswardanqplifier in accordance withanembodixnent 
of the invention is indicated genendly by reference numeral 10. Hie feed-forward axoplifiear 10 
conqprises an amplifier portion 12 and a detector-conttoller pordon 14. 

The anqilifier portion 12 has an input port 16 and an ou^pmpo^ A main signal padi 
runs between die input port 16 and the on^utport IS and consists of a sed^ connecdon of a 
first noain path splitis 20, amain signal padi gain and fAase adjuster 22, amain amplifier 24, a 
secondmainpath splitter 26» a mdn signal padi delay elemrat 28, a first main path coupler 30, 
and a diizd main palfa splitter 32. 

Wiule one ouqpnt of first main path splitter 20 contimies along the main signal pad&» ttie 
odier output of fir^ main path splitt^* 20 heads aloog a feed-forwacd padi consisting of a fised* 
forward signal path delay elraient 34, a feed-forwardpath couple 36» a feed-forward path 
splitter 3S» a feed-fosword signal pafli gain and phase acguster 40, and a correctional ^mpi^ fier 
42. The output of the conectional amplifier 42 leads to an ii^ot of die second main padi coi^ler 
30. Anoutputof dtesecandmainpathspUtter26iscomi6Ctedtoanii:9Utaf tfaefeed-fi^^ 
path couple 3 6, by an attmnator 43 . 

Hie main signal padi gain and phase adjuster 22 has a gain-control input tap Ti and a 
phase-control input tap T2. Similarly, the feed-forward signal path gain and phase adjusts 40 
hasagBin''C€introlxnputtapT3axidaphase<:ontroIinputtapT4. In each case, die gahi-control 
input tap Ti, T3 can be steered to control die ampKtude and the phase-control input t^ T2, T4 can 
be steered to control the phase of die signal passing through the respective gain and phase 
adjuster. As used hexein, the terms ''steer", '"steoed" and "steering*' are intended to comprise all 
suitable methods of adjusting or controUiiig of the taps of a gaiw and phase aiyuster. 

Also included m die amplifier portion 12 is an intranodulation teceivet 44, die iiqiut of 
which is connected to die third main padi spHtter 32. 

The detector-controller portion 14 Inchides an SPDT switch 46, one throw of which is 
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connected to m cfntput of flie feed-forward path splitter 38 and the otber tfarow of wUcb is 
comiectedto dieon^pitf of flieintexmodalationrBi^ Tbedete^or-^oDfxoIlerpQrtioQ 14 
also i nciad e s a sigiuil-power detBOtDs^prooessor 48 and an intennocfailadon deteetct/jpiOMssoflr SO, 
each detectoc^nooessor having an input and two ouipats. Tiie tx^mt of the signal-power 
di^ectoi^ooBSSor 48 is connected to tibe pole of the SFOTsvd Hie input of die 

intennodidalion detectox/processor SO is connected to the initpat of the intennodaladon tecdhrer 
44. It should be noted diat the signal-power detectoi^irQcessor 48 thereby receives either a 
signal firozn die onqtut of the feed-forward path splitt^ 38 or a signal firom die oa^t of die 
inteimDdulattoniecdver44>dq)endinguponthesettmgoftfaBS^ Fordier, in the 

present emhodiment of the invention, the SPDT switch 46 is hnplemented in firmware in a 
digital signal processor. The intermoduladon detectoi/proc^SQr SO, of course, always receives 
die onipnt of the intennodulation receiver 44. 

One oii4>tt of die sigDal-i>ower detectai/processor 48 is connect^ 
agnal-power gain conttolisr 52 and the other to die iiqmt of a signal-power {diase controUar 54* 
The ou^ut of tibe rignal-power gain confroUer 52 is connected to die gaiiMontrol itqpot tesp T% 
and the output of the signaL-pow^ phase contrails: 54 is connected to the {ihase-cantEol iziput xap 
T2. Similarly, the outputs of the intennodulation detector^nocessor 50 ore connected to the 
ixqE>nts of an intennodulation gain contralier 56 and an intennodulaiioa phase controDer 58, 
respectively. The output of the intermodulaCiQn gain controller 56 is in torn connected to Che 
gain-control ii^ut tap T3 and the output of the intennodulation phase controller 58 is coimected 
to the phase-control iiqiut tap T4* 

Those skilled in the art will recognize the fecd-f inrward ampIifLa 10 dt£to from 
conventional fted-fbrward amplifiers primaiily in die presence of the SFDT switeh 46. When 
die SPDT switch 46 connects the signal-power detector/^ocessor 48 to an output of the feed- 
forward padi splitter 38, die feed-forward ampUfiec 10 will operate hi die fcdlowixig conventional 
manner. An input signal applied to the inputport 16 is split hy the first main paifa splitter 20 into 
die main-signal path and the feed-forward patii. Ihe pordon of the input signal proceeding down 
the main signal path passes through the gain and phase adjuster 22 and is then amplified by the 
main amplifier 24. Non-linearity in the main amplifier 24 may add distortion to the ampltGed 
signal. A portion of the signal coining out of die main amplifier 24 is split fiom die main ^gnal 
pad& by the second main path splitter 26, attenua^ by die attenuator 43, and coupled into die 



fieedrforward pa& by the fised-forwanlpath coiqslex 36. MeanwhUe* the portion of the input 
signal imceediiig down the feed-fioi^ 

Usoug^ Ae fe^fbrward signal paOi delay elemeixt 34 befoce enteing the feed-focwatd path 
eoi3pler36. Tliedelay iinposed by the feed^fomard signal path delay 
5 design of the fBed-fiorward amplifier 10 to approximalely matdi <he delqr caused by the main 
anq^Iifier 24 in die main signal padu Further, die attgnuation provided hy flie attffl^atOT4? ia 
chosen so dmt die portion of die attenuated signal doe to the input signal ^iproximatety cancels 

out the signal entering the feed-forwaxdpadi couple 36 fitan die feed-forward signal padi delay 

dement 34. Alternatively, the affmnarion provided by tiie attenuator 43 may be provided in die 
10 second main path splitto* 26, in which case attenuator 43 would not be needed. Tbe net result is 
diat the signal at die fieed-forwaidpatfa splitter 38 is predominately distordon introduced by the 
g main amplifier 24. However, some of the iiq>ut signal will generally also be present at the &ed- 

forward path splitter 38 unless the delay imposed by the feed-forward ^gnai path delay element 
^ 34 and the attmuation provided by the at^uator 43 are pifec^ely correct Even if die d^y and 

^ IS a tfennatio n are canectfy chosen initially, die main amplifier 24 will inevitably drift due to 
^ tempesatore changes, aging, etc* 

e 

It is well-known to coixect for such drift in the main amplifier 24 by addiqg a E^r% and 
9^ phase adjuster such as the main signal path gain and phase adjuster 22 to the main signal padi 

yi upstream of the main amplifier 24 so that die input signal remaining at the feedrforwaid path 

O 20 splitter 38 con be minimized. Alternatively, a gain and phase adjuster may be added in the feed- 

ni 

forward path upstream of die feed-forward path coiq>ler 36 or in series or in place of die 
attenuator 43 to acoon^lish the same result Assuming that die SFDT switch 46 is set so as to 
connect the feed-forward padi splitter 38 to the signal-powear detectoi/pnxessor 48, die signal 
present at the feed-forwaid path splits 38 is presented to die signal-power detectoi/^oc^sor 

25 48. TheGdgnal-powerdetieGtciyprocesBOr48measums(het^^ 

and instructs die signal-pow^ gain controller 52 and die signal-power phase controller 54 to 
steer the gain-control input tap Ti and thephase^ntrol input tap Tj sn as Tninimt!^^ th^. total 
power measured by the signal-pow^ detectot/processor 48, Ibe result will tend to be that the 
portEon of the aqpnt signal presmt at die feed-forward padi gpKtter 38 win >^ mir^%^^ ^ xhe 

30 details crfhow die signal-power gain controller 52 and die signal-pow^ phase controller 54 

detennine how to steer die gain-control input top T| and die phase^cmtrol i^put tap is outside 
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die scopo of die invradon; those skilled in tte art vrffl be aware ctf immetous algoritfamsfot so 
doing. 

Meanwhile, flie signal at the feed-forward path splittet 3 8, which is predominately 
disiartionintgodncedly the inainamplffier 24 passes thiOT 
and phase adjusts 4a is ainplified by liie con^Gtional anq)Iifi» 4% 
of die second main paflft coupler 3a The signal fiom die fiBed-forwardpadi will be 
i^roximately a polariQMevKsed copy of die distordon inbodaced by die main amplifier 24 and 
which wiQ appraxLtnatety cancel one tlie distordon prcsenfcin die main signal. To increase the 
cancdladon, die diiid main padi spUttn 32 qplits tiie main signal downstream <tf die second 
mam path coupler 30 and prasrats a portion of diat signal to tiie uitsnnodiilation recover 44, 
which in torn provide die intmnodulation distordon present in diat signal to die 
intenno dnl a don deieeaoB/iprocesBor SO, Theintraoiiodttladattdetectoe^processQrSOinst 
intennodolation gain controller 56 and die intennodulation phase controller 58 to steer the gain- 
control iiqnit tap T3 and the phas&'Control input T4 so as minimize die intexmodnladmi 
xeceived by die intetmoduladon receive 44. The details of how the intermodnladon gain 
controller 56 and the intmnoduiadon phase controller 58 determine bow to steer die gain-control 
ii^t tap T3 and die piiase-control input T4 is outside die 6c<}pe of tlie inv^idon; tliase skilled 
in die art will be aware of numetous algraithms fatso doin& 

The operation of tlie £Bed-forwaid ampBfler 10 as described above (assuxniogdie SRIXr 
switch 46 is set so as to connect the feed-forward padi e^litter 38 to the ^gnal-power 
detector/processor 48) is cQnvend<maL However, die inventor has found diat by opetadng the 
feed-forward amplifier 10 in die following unconv^idonal manner significandy greater overall 
gain can be achieved. First, die feed-forward amplifier 10 should be powered up. The total 
power measured by the signal-power detectoii^prooessor 48 and die inteamodulation distordon 
measured by die intecmoduladon detectoz/piccessor SO should be mfitiwi^yftfi in conventional 
manner as described above. However, die SEDT switch 46 should then operated to connect 
intetmodulation receiver 44 to die signal-power detectot^ocessor 48, Rcom dien on die signal- 
powcsr detector^rocessor 48 will instruct the signal-power gain controller 52 and a signal-power 
phase controller 54 to steer die ^-control iiqput tap Ti and the phase-control iiqmt tap T2 so as 
nrndmize die intemiodulation received by die intranoduladon receiver 44 rather dian total 
pow^ at feed-forward padi splitter 38. it should be noted that the intennodulation 



detectof^nocessar so will siomltaneoiisly be instructiiig die tntieimodalaiion gain controller 56 
and the Intexmodulatioai phase contrQllBr SS to steer die gain-CQiitrol input tap Ta and die phase* 
control Input t^ Ti so as twitmn^fKft die intermodularion leceived by Che hxtermodidalioa leceiver 
44. 

The inventor has found diat it is advisable to rednoe how fast the conttoUesrs SX S4, 56, 
38 attcanpttonnll die loops in <Bder to maintain staUDfi^ after die SPOT switch 46 has teen 
switched so as toioute the output of fheinfiramodnlation receiver 44 to the signaL-power 
detectQi/jprocessor48. Convttdonany,tlieaIg<»idnns used in die controUeis 52, 54v 56,58 
include step sizes fbrdianges to gain or phase. Theinventorsuggests that die step sizes used by 
the gain controllers 52, S6 and die signal-power phase contconers 54, 58 in varying die settings 
of die gain-control input taps Tu Ts and the phase-control iaapnt tap Tai T4 be reduced after die 
SPDT switch 46 has been switdied. 

The end result of applying to invention to die &6d forward amplifier 10 should be that 
complete input signal cancellation does not take place at die feed-forward path splitter 38 and 
the gain of the main anqilifi^ 24 should he reduced slightly, causing die p ordon of the input 
signal presCTt at die feed-^forwani padi spBlter 38 to he less than the fieed-forward signal coming 
'tem the feed-forward signal path delay element 34. As a result apordon of die signal presented 
to the input port 16 should ent^ die cooccectional anQdifi6r42» and be amplified and added in 
phase to die main padi signal at the first main path coopla 30. 

The invention has been applied to tiie feed-forward anqilifier discloaed in die inventor's 
co-p^ding United States Patent Applicadon Serial No. 10/016,691, filed December 17, 2001. 
whi^ is hereby incoipotated by reference in its entirety. The block diagram of die feed-forward 
amplifier disclosed in diat apphcadon is identical to Figure 1 h^^ein if die SFDT switch 46 and 
die oonnecdon icaai die tntemodulation receiver 44 to <me duow of the SFDT switdi 46 axe 
removed from Figure 1 (and an output of die feed-forward path splitter 3 ft is connected direcdy 
tDtfa0sigual-powardetectos^ooe8sor48). Hence die modifications needed to apply die 
invendon to ttie feed-forward mxpURec disclosed in that appMcadon are identical to diose 
described above for a convendonal feed-forward amplifier. The cperadons diat take place in the 
detector-controller portion of the feed-forward amplifier disclosed in. co-pending United States 
Patimt Applicadon Serial No. 10/016,691 are unconvendonal, but also minimize power at die 
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slgnsd-cancellatLon node and intennodulation at the output of the amplifier. The inveotor 
believes tiiat it is reasonable to expect a similar or the same improvement to a conventional feed* 
forwaid ampUfier as diat obtaining in modifying the feed-forward amplifier disclosed in co- 
pending United States Patent Application Serial No. 10/016,691 in accordam^ with the 
5 invention Those results are diatmodfi^ing die &ed-fo£waa:damp^ 

United Stat^ P&trat Appliration Serial No. 10/016,691 provided approximately 1 dB higher 
output power for the same intetmodulation distortion. la addition to higher ou^ut power, 
efficimcy was improved. Tliose skilled in the art will recognize that these resulte ore 
remarkable, given the lengths to which onenmst go to get tendisof adB, and die cost of 
10 providing those tenths of a dB. 

Those skilled in die art of feed-forward amplifier design will also understand that die 
inveaition should be igiplicable to increase the ovecaU gain of odier feed-forward amplifiers, such 
^ as those that use a pilot tone or otii^ pofiormanoe measuring means for noUing the signal and 
intemodulaticm-cancelladon loops. 

^ IS ihedxyve-desciibedranbodimentsof die invendonaxeintmdedt^ 

present invention and altexadons and modifications may be efifected thraietoby (hose of skin in 

Q file art wUhoutdqpardng firom Che scope of the hiventkm tihatis ddSnedsolely by thecUdms 

Si 

py appended hereto. 

m 
m 



m 
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CUdms: 

1 . A feed-ftsrword amplifier, comprising a signal cancellation loop ami a iptennodulation 
cancellation loop, the fecdrfbiward amplifier configured to opiate so that on stait-up the signal 
cancellation loop is balanced sa as to tw«Tfwty.ft signal powo* in flie fted-forwaxd path and then is 

w^1»fl|yiOBii and opesrated SQ as to wifnfWMTO fntertnnAilation at the Qfntpiit of the fpftri-finrwarri 

amplifier. 

2. A feed-forwazd amplifier* conopdsing: 
an input port 16; 

anoa^mtpott 18; 

g a first main padi eplitter TO, the inpot of whichis ccnmecied to die iiqsut port 16 so that 

^ when an input signal applied 10 file inpnt port 16 it is split by the first main path splitter 

M« 20 iotD a niaia signal and a feed-forward signal; 

o 

m a main signal path gain and phase adjuster 22, the iiqnit of which is connected to the first 

n oiiqmtofdie first main path splitter20, die main signal path gain and ^ase adjuster 22 

^ having a gain-eontfol input tap Ti and a phase-control input tap Tzconfiguredso that the 

|1| voltage levds on the Caps control the gain and phase of the main signal; 

HI 

@ a main anq>lifier 24, the input of which is connected to die output of the main signal path 

gain and phase adjuster 22; 

a second main padi splitter 26> the ixiput of which is cannected to the oa^ut of die noain 
amplifier 24; 

amain signal path delay element 28t the ii^iit of wUch is connected to the 
die second main path splitt^ 26, 

a first main padi coupler 30, the first input of which is connected to the caitput of the 
main signal path delay el^nent 28; 

athirdmainpad&splitt^32, theiiqputof which is cannected to die oulpat of die first 
main path coupkr 30 and tlie first outpntof which is cannected to tlie output port 18; 
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an intetmodulatiQiL zece? ver 44, tbe mpnt of which is connected lo the second oiupnt of 
the Ihixd mam path splitter 32, 

a fSa^-forward signal path dday elcmBnt 34j the ttqrat of which is connected to Oie 
second output of the first main path splitter 20, the delay imposed by the fsed-fcxrwacd 
signal patii dday elmieat 34 selected to appfoximaiely matA the delay in the main signal 
caused by dse ntudn ansplifier 24; 

a feed-foiward path coupler 36, the first input of which is connected to die output of the 
feed-forward sigqal path delay elonent 34; 

an attenuator 43 connecting the second output of the second main path splitter 26 to the 
second ixtput of die feed-forward path coupler 36. the attenuation selected so that the 
ucdis toTted portion of the main signal provided to the feed-foxwaid path coupler 36 is 
qpprQximately cancelled out by the fsed-fbrward signal; 

afeedrforwardpaCb splitctf 38, the input of whidi is connected to the output of the feed- 
forward path coiqder 36; 

an SPDT switch 46, the first throw of which is connected to the second output of the 
feed-forward path splitter 38 and the second throw of which is connected to die output of 
the intennodulation recover 44; 

a signal-'power detectot^pococessor 4S« tbe ii^ut of which is ccnmected to dte pole of the 
SPDT switch 46, the signal-power detector/processor 48 configured to extract and 
process datafirom the signal presented to its input indicotmg how to steer iho gain-control 
input tap Ti and the phase-conttol mput tap T2 to minimize the signal presented to its 
input; 

a signal-power gain controO^ 52, the input of wluch is costnected to the first ou^ut of 
die signal-power detectoi/processor 48, die signsl-powo: gain controller 52 confignred to 
steer tiiB gain-control input ts^ Ti inxesponsetodataprovidedby fhesignal^wesr 
detector/processor 48 to niinrnniiz^> signal power at the feed-forward padi splitcer 38 when 
the SFDT switch 46 is set to connect die input of the signal-power detectoE/|processor 48 
to the second output of die feed-forward padi splict^ 38 and to minimize the 
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intennodiilafion Teceived'by liie intennodnlation receiver 44 when the SPDT switch 46 is 
set to connect the iapvt of the signal-power detectot/prooessor 48 to the output of the 
inlfinnodalation receiver 44; 

a sLgnal-^wer phase connoller S4» tiie faiimt of wldch is connect^ to the second oatpnt 
of the signal-power detector^xx>ce8sor 48^ ttie signal-power phase coniroaer 54 
configured to stera- the pha ^-control input t^ T2 in response to data provided by the 
signal-power detector^processor 48 to signal power at (he feed-forward path 

^littra' 38 when tberSM)T switch 46 is set to connect die input of the signal-power 
detector/processOT 48 to the second output of the feed-forward padi splitter 38 and to 
minimize the intermodulation received by the intermodQladon receiver 44 when die 
SPDT switch 46 is set to connect die input of die signat-power detector/processor 48 to 
the output of the mtecmodulation receiver 44; 

a feed-forward signal padi gpm and phase ad[j oster 40, die input of which is connected to 
die first output of dte feed-fiirward path splitter 38, die feed-forward ngnal padi gain and 
phase adjuster 40 having a gain-control ii^ut tap Ts and a phase-cantcQl input tap T4; 

a cofxectioaal amplifier 42, die input of which is connected to die ou^t of die feed- 
fbrwaxd signal path gain and phase ad^ustn 40 and tlie output of which is connected to 
the second input of the first main padi coupler 30, the main signal padi dcday dcinirait 28 
havingadelay approximately equal to the delay in die conecdonal amplifier 42; 

an intermodulatian detector/prooessor SO, the input of which is connected to the ou^ut of 
the intermodulatLon receiver 44. the intennoduladoa detecttxi/{noGessor SO .configured to 
extract and process data from die signal piesented to its input indicating how to steer die 
gain-control input tap Ta and the phase-control input ts^ T4 to minimize die signal 
piesented to its input; 

an intermodulation gain controller S6, die input of which is connected to the first output 
of die intomodulation detector^rocessor SO and which steers the gain-control input tap 
Ta in response to data provided the intennodulation detector/processor SO to minimize 
intetmodulation received by the intennodulation receiver 44; and 



an intemiodnlation phase controller 58, die input of which is connected to the first output 
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of ttxe isleimodolatioxi dete^oi/jprocessor SO and wfaidi steers tbe phase-contnil input tap 
T4 in tesponse to data provided the imranodulation deiectoi/prooKSor SO to twtiilmif»e 
iotennodalatiQn itc&md by iotennodiilation seceiver 44, 

wherein^ upon &artap of the fted-fonrard amplifier 10, the SFDfT Bwiich46 is set so as to 
connect tbe feed-forward |mth splitter 38 to the dgnai-power detectot/processor48 until the total 
powear in iIib fecd-fbiwatd patit is mininDdzed and die intennodulati on received by the 
intennodulation receiver 44 is minimized, and tiifin set so as to connect die intermodnlation 
ceoeiva: 44 (o die signal-powar detBcaotQpiocessGr 48. 

3. A medxod for opiating a feed-forward amplifLer having a signal cancelladon loop and a 
intermodulation cancelladon loop, comprising: 

• rtti fltgMTfaip, npgiratftig thft -et^ jfn fv u^ t ftmpKfi«r gft that tVtft gf gnnl efwe^JIflrinri V>rtp <g halg ^ff f^ 

SO as tosctudmize signal power in the feed-fiarwardpadi; and 

di», unbalanced so as to nainimizo intmnodulation at the oaQmt of die feed-forward axnpU&a, 

4. A method for operating a feed-forward axrtplifier having a signal cancellation loop 
including a fffst gain and phase acUuster, amain amplifier forming a portion of a main signal 
padi, and a feed-forward signal padi output for providing a feed-forward signal, and an 
intermodulation canc^ation loop connected to the feed-forward signal padi output, including a 
second gain and phase adjuster, a correctional amplifier, and a correctional ootq[>Ier for coupling 
the output of the correctional amplifier to the main signal path downstr^un of the main 
amplifier, comprising: 

steering the first gain and phase adjuster so as to xninhxuze signal power at die feed-forward 
signal path output and the second gain and phase adjuster so as to minimize intermodnlation 
downs&eam of the coupler; 

and then, when the signal power at the feed-forward signal padi output and die intermodulation 
downstream of the correctional coiyder reach mmimium, 

steering both of the gain and phase adrnst»rs so as to TnttiiTpj yA die intermodulation downstream 
of the correctional coopler* 
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An ^i^ratus and method fcsr operating a fbed-fiarwaid an^Uficr in -which, after the 
gignal-eimeenarion and wifiBfTnc>Ail«^«iii-r»infift1?pK#ni loopg hayg tpftiwily 'nPlied. the feed- 
forward ampKfier jg ppaated so riiat hnth Innpg ara orwilmilleJ lyn my fn ^pfaiwtwg a hnttrnnn^p^ffirm 

5 atdieoo^potofftofeedr'iarwndBiiiidifier. 
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